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Sir^'A' Y 



This report presents the results of an investi{;;ation of the aero- 
dyna'^ic characteristics of the h'ACA syTnetrical laminar flow 65jl-012 
airfoil. The nodel was tostod with and without a dl\re recovery flap, 
Tlio effects obtained by suddenly extending the flap are compared to 
those obtained vath the flap set down in position. The tests cover a 
ranfe of angle of attack from zero to plus throe degrees wiiile the 
llach number was varied from 0.5 to 0.8, 

The following conclusions were reached: 

1, riie lift curve for the airfoil with no flap is essentially a 
straight line, 

2. A flap suddenly extended produces aerodynamic effects which 
arc different fnxi those produced by a flap v^ich is set, '»henevcr 
model test results are to be used to produce design information to be 
incorporated in full scale aircraft, the dive recovery flaps on the 
model should be equivalent to those on the full scale airplane in 
rc'~ard to dimensional prooortions and to the method and timing of 
operation, if a high degree of accuracy is desired. 

This investigation was carried out by tlie autl'iors at the Guggen- 
heim Aoronautical Laboratory of the California Institute of Technology 
during tlie school yar 194C-46. 
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son of v^o t*.'o- .1 -.o^s-' )-i^l ii<jrov?,.'iui '. - c ;’*roc':r; or’ tl\e rccovjr;' 
riuo Sot In oh? oxtondo'i positlo’^ ”/ith tho of Toots of suci^o-iij^ ox- 
tenJin^' or oonoi-i.* the flep at e ~,iv8.i -’’ach nanbor. In all icnorfi 
previous rri :} tuirsol tests involviu.T fivo rocover-^r fleoG the flap 
has been set on tlio nodcl in tlie extended Dosition, and the free 
stroav velocity ’rjut uo to the test ‘-ach nunber. In this invosbi- 
Cation it Is c.tts'^otod to doter^ino if tho latter nrocodurc may pro- 
duce •nisloadinc' results inasnuch as the toch_xlquc does not simulate 
the manner in rrhich dive recovery flaps are actually used in flif'ht, 
fhe •locotdnry rurpose of tliis invests jratl on is to determine the 
lift charactJi'istics of the 65,1-012 airfoil Ln t'vo- dimensional 

flo7/. Tliis work is an extension of the results of a orevious in- 
vestipation carried out on the came nodol in the sane v/ind tunnel, 
hef. 1. 



'fne tests covori.Ji’ the effects of the dive recovery flaps vrero 
nade with the -l/.y sp-nmetrical , lov.—dray section, 65,1-012, with a 
four inch ch.ord, The sttidy was limited to tests with one flap size 
at throe chorduise locations, in tho sot and in the popped conditlcns. 
Angle of attack v/os varied from zero to olus three degrees, and -ach 
number wrxs varied -''rrri about 0.5 to 0. u for the flap tjsts and for 
tho inves c-cti ?■ of the l ift charact ristlos of the '-'ocel vrith no 
flans. The ■Q;;/noldG i.umber corresuonu ' ■'r to above --ach numbers was 
of fne order of 1.6 x 10^. 
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ol^ t X) elr. ctrxCw.1’. 

operatinr la S'^ rioc c^cpiios t':^ air to 
a rec^c. \rular socoJ. od. 1 w/natr-a. of t'j^ tc^o w,ccl. j‘. 



^ots lo C- • wC c 



- *6SC ■ CDS 



cisc'inrge into a constait area 'o.ixiai' s-ction -Avich is loilo./Cu bv 
an exonnrtin" soctioa exhaustia_ into ti.c vc t^latior: 3yste;r. of Li.a 
builcinr. ^ne r.a::inar presnaro o'" 100 /in^ r.r, Ic:. the conprscsors 
can deliver 11 :itc the speec o? the hinnel .o a --ac i aur.ibcr oT 0.37 

I 

v/ith no ^ old iacttllod. 7hc .jc ol u oldy oja'crollou, olectrical, 

by«pass valvo affordo a v.eans Tor obt^lnh-- o. .y desired -(xc\\ nunbor 

bolov; 0. 8 7. 

Ti.o test soctioa lo 20 i i. ia lDn;*t}i anl re cbanjalar in croes 
section 0,9 in. \/lde, 10,0 in. nifh at bno citrnnco 1.0 in. i-dJu, 

10,0 in. ixif'h at tno exit. Tliis taoer in .doth is nooessari^ to alio.*? 
for boundar.* lay^.r /rrovz-th. ?.ie top and boctan v/nlls arc nadc Iron 
nachinci ’ i*ass cu.-taim 20 stotlc '.'cs.-nc orifices, Theso 

aro floaccl 0,5 in. aoart ir- the vicir.it" ^ the lolcl a.nl 1.0 in. 
apart el30vh-.;re, for tno pirposc of onto in' the jrcseu:" llstri ■"i- 
tion at th'.se -.mile. ‘•^ocurely to the brass upjer 'vil loA'cr 

v.alii f.rc t’/j 0.625 ir. ^laso olatcs •vftic!. for' the sir-.o •.alls, 

*>.rn^ “.’odols of the *« 1 lljl-Oll lor Iraj^ scctioi vV're used 
in this invest! ' v^io ‘ . f oso './ore .v.o ".'•ej. fro i trass to a tol rc ce 
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of 0.001 i i. ach nodcl Is of 4. ir*. chor anc. ^ oitaino a r*"tr c;a 'lo 
dive-rcoo'A.r* the firsv mo-^oI^ Ja ■ x’lu^. edfj . . vhe 

f'od io locatuC at 15 f iri, diO sucoai at oO c' .re, 

and t^e d-irci at ^5 caorvi. I.c I’lao oa oaoli of tLo t/.rcf* nouels is 
i do laical, it oxtends tho width of tiio *0001 ind tho : la o chor'- is 
10 of the a rfo'M chord, 1:, the ^^jop'vjc) position Jir :'l p 

ia dcflect^^d 45 decrees fron the centerline of the airfoil. In the 
rotrs: cted nosioio.i, it is reccessc so tha^ le is co''’pletoly flush 
witfi the loTor surface. 

-.t oeolLic to o;;seriv_ Jac fi--o at a*iy tirae uurii.g a run by 
rii.un& of a at.aceed to flap r.ociJa.’.lc-m ..ithln ti.e uirfoll. 

This 'r/ire ic le-- out of the airfoil throu h ^lQ trailia . cd. 53 , iO”.n- 
stroo'.- aid ou^ of the omael v.rill through a £r;ali hole, and then 
attachja to a siripie cla-npinp dovicc. To pop tho flap it is oily 
necessary* to pull tno wire •-uitil the flfvp reaches its lirnitinp do- 
flection of 4 l def;reec and then clem tho wire to hold the flap so- 
carcly in •'ositirn. To retract the flan, tho wire is slac’cec and 
the f Ir. > is '^ush-d up bo its recessee ''osition. .^or details of t';e 
^lan “'ochnnls’n see fips, 2-* end 23. 

ffiC " O' ci is sunp^rtod at the 25’ chord point Li the center of 
ti.e tost seebion by a throu, 3 ;h sliaft v/'-.ich is rigidly fixed to the air- 
foil b} a set sci' 3 rf countersunl: into the siuo of the airfoil, T};is 
sliaft ox"'on'’s throu*^i ssmll brass trunniois inserted in holes drilled 
in tho "'•laos elates, -askets on tix* sio'es of tho noaol proiddo a 
snuJ' fit •*! bh tr.o p.lass plates a.id h-'ln to unifomly distribute the 
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air '’oil £] arts a >' a s'.itall"' seal.* '0 a’^lc of attach ■ra’'i.at3. in 
vie';;r'»es. t’.eodoliV; In Ic'cate, 1 i fro'.' h'.o “h'ror aa’ the 

ncalo is locato ahovo Mie thoo oil to 111 1 i. froro. irror, 

ri_r. t. -!*■■ n‘. '’‘.ti* ' throu'^h the thc-o-^ollbo at th- roflection of tho 
a.i~le r.tb<^c'- ccilc ?.r. t’.io rirroj s monition c t!'C horiioatal 
croOv‘=> h''ir of t’;o thco'olite f. 1} roooont to f.;c rd ioctou of 

the an';:! ♦ of c.t :ac’; cc lo coiiif or wll" J:^t.-bll*;h';v', 

.'oc oo tic "Ixity betvrooM, nirror, o^ aft, anC airfoil, a chanfo 
of Uii.-le of of t; c sdrfoil oroi.'ceo a corr;^ 3 -'oo li u.onlar 

Ocfl'^ctioi or'’ -the *’ Irror *" id co''s<. , jcntl" a ol.-.-y'' ir th-^ reflootcd 
portion O'"' t. e ar'^lo of at^jack coale as neon thro’a'^h the tlicololite, 

3 y this s'rc,tc ' a cl.aape: ii enple of atoooh a could be dotemlned 
to an accarj. cy of O.Of of a dorree, 

* fhe static oressure orificoc t’no top and botton v/alla v/ere 
connected to a conv'^ nt’. onal clocoe cyrte- nult ole tu'^e naimot^r 
co”’tp iniri': alcohol for vOoomt'’i^o at lovr '’ach nunborr, , c-id ’-■'rcur'/ 

for o’^orr tio.- pt hif;h -'nch nnnbers. e ref rc ico orosrar vr^s ocniootod 

to 6.1 orifice nop^r the or.trarcc of ti n tc.-,t section at vd.lch tJ'.e . 
orossure •^ras !’■ ? least af t? o-*;0 1 yy 'ic'-' of nodpl, Is 

ori'''icc tr 3 also coniiocled, to a norcirv ’.vnaietor v/iich \ias v ited to 
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tho at-ooh^re Tor 7 irposcs oC i*;, free streor. prossure. 




a scale was constructed so that I'ach nunber could be road directly 
fron this -.'ianonicter. 

Visual studies of the various flo”/ conditions and the photo~ra jhic 
prints in tho back of this report "were made possible through the uso 
of conventional schlieren ap )aratus,, (see ^^ig, 4). An incandescent 
light source employing a projection type bulb was used for visual 
observations, A high intensity spark giving an exposure tir.o of tho 
order of 10“'* seconds -.Tas usod for pliotographic purposes. 
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oi V't* r'.- ul.ts oht-*i ic ..1 io tunic.1 h’/ 'ircviouj ir.*'cr-tit’C.toro, 

'?'.eo& rcu. Itc '/ill bo fc uu In the r:;^ jrt lisool ac .^ci. (l), ^-Ince 
in n* r.t ’/■'.v. rt th~; crarvcj of' versus co not pass through a = 0 
at if = Jg o.a sf.'‘ort w'us ”iado to aot-^ 2 ~ ^.le oth >r the error v**as 

la 

attrib'itfble to i.iacr*urr.cy in 3sttia. t'.uj a ^les of attx.clc* or In 
veasurin- th3 lift, fti'j »/?.:: neoossary k: orJor to elininatc the 
oosGi*’’ i 1 i t’.' )f o'‘tuiuir. • cl'.ilar erronoouo r-^s Its, It vras for i;}.Ig 
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could ">nly lie 'u ~'iasuror;ont of lift, 

r .*? »?as I/ ot' Hot in the cl fu'f tot as closely to an 

a Ic of at'.aol' o? jisro cop’cos as possible bp’’ linir.p; uo tho axis 
o tl ; airfoil oarall. l co t^a axis cf c’.i.. tost section. Tho ’"'irror 
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r^e rxis nocDEsan' tc cc'^’^ile Vno dntc on tho oTfects of the 
sudoe.:' extension of the dive rocovor"''’ flap then undent® .Von, The 

first nodel (i.e. flap at 15'* chord) y/^is set at an arpjo of at'u'Jck 
of s“ro decrees and two sets of runs wore made at various ''‘acfi numbers 
fro.n = 0. 5 un to a value of fach number at Vnich the tun’-el bc- 
ca.-^c c-ckoo. The first set of runs v?as made popoin*;; the flap; the 
second set made leaving;; the fine extende;' and then brinpinp the tunnel 
uo lo Vzc do sired sneed. 

In the ''irst case, the tunnel *vas brou ht uo to speed with the 
fl n rDtracced. The flao vxis then ponnod a;.io the '’ach number recorded 
after the '’lo'..' had becone steady, dioce the free stream bach nunbor 
■'’ecr'oascd after poppinp the flap> the ■’tilue of the !'ach number after 
the flap Wcis nopoed the required value. Then to get cenparativo 
results, the nooon-’ aot of runs wit!\ flr-r extended wtis made at the 
OPT O -ach numb'^rc as v/ero obtained af t.* r '-oonin«- in the fir^i' set o*’ 



runs, 

iTiis same orocedure was repeated for each -"odel at three ao.-loc 
of att.i.c'- hot-'/e^.n 0 deproo and •’’3 decrees, 

■c^'llorun protof.raphs were taken oi all runs in order to obtain 
qaali tt.tl’ u results in co''*.perin 3 tho effocts of the sudden ert< nsion 
of tho vs opposed to tho effects c*" -sod havinp tlio flao 

ioitially cot. 
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To t~'e lii’t, 

proco'irs was ?'Toio’'Oa, lar'e 
placoc' *. '> ■ ,'luss tu'oo;^ af 
.oqj, ,, fluid level 

tLic sh'^ot. .’ro''^ those ’-nrks the 
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bif for'^nca in nressuro bob;’/ee : 



any •'air of orifices (top and botto’^^) co’'lo be detor"‘ned. These 

^p’s wo-a uiottod %‘orsuc tunriel loii^^-th. '’lotomination of the 

arof. inder t'':s curve by planip.ot.>r affor ed r'.cans of calculatlir 

tlie lifL ana ho. ice C. . Tnesc values of eri the corroepondint 

L A' 



ac!i nunbero wore thei corrected by the '’cthods outli.-iod in j«ef, 2 
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2] c ;.r' .ci "'al p}iycicai property r.ieau'irod in ti.io i ivo':t.i •atlon 
v-tio tho coefficient of ti.e airfoil ^odcl, n'-o vciluOG of the lift 

coef fic’ eiit with no flao and with variris flap conditions wore dot'rr nGd 
fror. corrected tost data end olottod a ‘a ins t anele of attack and -lach 
nuTT.bor, SCO 2ir, f to 11 inclnsi\’o. flp, 12 was c :nstruo'':;ed by takln'^ 
the Ct ^_i+. at each ang-le of attack and at various flao locations 
(fran ii*’. 9-11 inoluaive). flien t’ncso Cr values wore plotted 

' JT-w v» 



against annle of attack for various flap oosltiois, C~ 



'crit. 



is de‘ 



finod as the naxinun lift coefficient obtainable for a given ai lo of 

attack with incroasinp hach nunber. hi,'’-. 15 ',vas obtained ty taking 

the T'.oan difforenoe botv^sen C, ^ flaps popped and Cr , flaps 

^crit. ‘ "^ertt. 



set, thus a ^ was obtained, v;nero /\ Cr 

^crit. crit. 



(Cl ) 

^crit poppeu 



) ♦ kl Ct y/as then plotted against flap position in 

'crit. set ^ertt. 



.... 

percert of chord. The schlieron ploto^'raohs taken v-’cre grouped 
accordinr to chordwice flan location, soo -"ig. 14 - 16 inclusive. 

Since this investigation covers essentially t'w'o proble.’s, the 
results of the tv;o parts are discussed cep‘ rately. 

In correlatinr tho results of the secondary problem, navely, 
the dotornination of tho lift cluij'Cict risticc of the two-iinonsicnal 
airfoil, the rosvjts are co -.pared to those of a previous invecti -ation 
w’aich CT'.plaved the ca-io v/ind tunnel and air oil model, lef. 1. in 
the los.ilts a-od -^iscrussion of kef. 1, p. 1.12, tiic authors sta-bed that 
their "values of Ct did not lie on a straight line themselves, nor 
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did a.iy strai ;-ht li.e i^a.Owln'^ f.irou Ii •':h ? ori~in appear to ap;.roxi’^a.tsly 
catiofy the joir.ts'’. review/ of their plot of vg. c (hef. 1, 

Tif. 70) sho*7ed that their v&luos of Cr c3o aonroxi^rate a Gtrai ht liio 
and intorsoct tho zero lift axis at a )oro?'inately the sajre pointa 
about -0.3 de£,rees, see 8. -e ;mow from tv;o dimensional airfoil 

thoory and tests thrt t3"jO lift curve at lo'.r angles of at 'each is osseii- 



tielly a strai~ht line at low ’--ach nunbers, -Iso it intersects the 
zero lift axis at a zero lift angle deocndi.ig bn the basic design of 
tho airfoil, ^inco the model usod here is sjn:x 3 trical, and vre,s 
machinod to very close tolerances ,001 inch), vre Icno./ that the 
a;.gle of zero lift is zero dogrees. Thus, the ^ ^ curve mast 

pass til rough the ori-'in, hence it is concluded that tho authors 
of 1‘^f. 1 should have drawn straight lines through their points and 
shifted those lines so that they oassed through tho origin. This 
orocoduro p7as follomJ in tho nrosent investigation and gave very 
good res Its. Instead of follow' ng the above procedure, the authors 
of f-of. 1 corrected their cxngle of attack values by co-oariiig thoir 
exierlmontal lift curves vdth thooroticrl lift curves, Tlisy attribjtod 
pard of the discrepancy in lift curves to angle of attack errors. 
Consequently, in order to verify their results In vhe nresont invc ti- 
gation, the optical syoten for noasurin;^ angle of attack was installed, 
T3.0 angle incronents of this investigation arc knovoi to be correct 
ivithin + 0,050 degrees. On oo-ipuri.^ig the lift cur'/es obtainec vdt}^ 
t’nc e5r'>erimental points of Ref. i it was found tiv t tiieir an"le in- 
crenents tur icc. out to 'oo quite accurate. 



1 ^ 

X «^( 



■•.vG :-ri'c3r ''rcn 7't, 'o'. 1 ronlotood in ■’'i/'. 6 (b'\is 

1' 5'‘b.. \v*. J. . robulto obba'»i.e'l 'n this i''V0D *,1 :':ti ;n g/io'a'S thci" a 

G :r h’.^ lino /its hoir p* ts vDin' v.v-11. -ihj7/3vcr, thoir lift 
val.iGS arj lo\? for c. f^ivon an^ 1 ^ of attack. fhis is attribute ri to 
i’loa >loto correction of the lift coe ''•'’icio.at for the flow oonditiono 
i the >f '■ tun'oi, 

•''■ji’V 'ir r’wGoarc'.. Into tho ■•.att.;r oi ieaGureoK;nt of lift in a 
two- ’i” ienal ’.rlnn tunnel \; 2 .s carried ojt in connection with ‘chls 
Live: li Tj ^lon aid that of ^ of , 2. Fro’" this research it wac f o inu 
that tha lift ”'^asurod is 3jb;]oct no sc'^v ral v;ind tunnel effects 
\i',' c)' r-.*diK‘fa the lift coeffici.*:t by a considerable de^-roo. • li tiicso 
e*''^octs vroro collected and •cluos co*’^u:ed for this oarticular w nd 
tunr 'l, s JO hef. 2. ••hen these corrections are r^nplied to tlie tcou 
data t'le results a-'’roe very v':?ll -vrith theoretical values expooted 
for 1.h* G airfoil. 

In discjssinj: the results of the inary problem 3 namely, the 
effects of t*'c sudden extonc’on of the civo recovery flap, certain 
pertinent facts ccin be pointed out by an exariiiation of the exp' rinontal 
curx^es db tr-.inel G-13 incluoive). consideration of “'if s. 9-11 

shows t! at for the flap at If. eberd location the rnaxinun lift coeffi- 
cients reachoc, i.c., ^ 9 for tJv' carvoG of flap pooped lio 

CX* .L ip/« 

above those for the curves of flap set, ^or the 30 /j chord locxtion 

of the fl. .o, tlie Ct values of tho c'rvoc for flap pomod arc 

•‘"orit 

not cor:GiGton‘'"ly above or below the vnluoc for flap sot, the 

4C.“ chord location of bl/’ fla" the values of Ct for flap popoed 

crit 
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lie bolov; thoso for flap ccv, 1: -'vory case. llie fact i,mt the cffocta 
of the flap popped ac conparcd to flap cot oJiancod in cht.ractor as 
the flu 3 v/as '^ovod aft is not considered to indicato that the tests 
gave inconsistent results, lathe r, it sIio'A'S that the results obtained 
fren such an aerodyna-^ic dovice depend oi both the nethod of operation 
of the device and tno caifirmration or oroportio is of the tost modol. 
All the curx'os for a r*ive.i flap location appear to have about 
the ca ’'0 ch-vr acteristic shape above a l^ch number of 0. G, It is 
believed that the points above f = 0. G are more accurate because tho 
read^r<^s of tl’.e multiple tube noroury nanoenoter at these f'ach numbers 
arc subject to a smaller percentage of error because of the greater 
pressure diffcroncos. 

In the figures discussed above (figs. 9-ll), tho Iiach number 
corrosnendir-g to appears to docreaso uith increasing angle of 

attack. 

An examination of >'ir. 12 shows that Ct increases for both 

"crit 

the popped a.id sot coniitions as the flap is noved aft. At each flap 

position the curves aro practically parallel, thus indicating that 

<^0, is fairlv oonsteint 7.*ith chan 'O in angle of attach, con- 

cri : 

sidtratic:. of tlio change of clove of dhe curves wibl, increasing angle 

of attac-' In icatos theit the curves nay ap-' roach a zero slope at some 

angle of attack abovo throe degrees, 

■'roTii -’i'-. 13 it is evident tJ.at A Cj changes sign as tho 

^crit 

flap is ovod aft, and that the cvirve of ^ C, passes tl.rough 

^orit 

zero at a flap position of about GO chord. 
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i. ooncideration of the cchlioroi ji.otoj^raphs, .'ijrs, 14-18 in- 
clusive, shows that in general tht.re is no aporcciable difference in 
. flovf pattern and shock wave formations bobw^cn flap set and popped 
at the ■'.'urious chord locations. The only aprc.rent difference in shock 
formation is seen in fig. 14 at a L-ach nanber of about 0.71. On the 
rodcl \/ltli t’:c flap sot dorm a rnediun sized turbulent shock is located 
on tho upper surface at about 5c,' of chord. On the irodcl v/ith flap 
popped a snallor chock Ln the same position as above is observed, and 
in addition scvera.l laxinar shock waves are seen which are not dis- 
ccrmblc on the model ;7ith flap set. In * ig, lu vfith tho flap act 
dom a., a ’ach nunber of 0.5G a small shock is ob3Cj'\'’ed on the upper 
surface nec.r tho leadliig edge, Ibius the flaw has already I'eachod the 
critical !'ach nunber. ks the -*ach nurbor increases the su lorsonic 
zo'.e i..crcases in. extent, and more laminar shocks become visible, 
kt a --ach number of 0,71 a turbulent shook is observed at about 55"i 
chord. 

v^omonrison of the model with tho flap at 50,! chord to that vrith 
tho flap at 15'j chord, at a ikxch number of 0.56, shows that the laminar 
shoci^ '‘'ormation in the case of tho 20 chord location is more exten- 
sive, and shocks have apparently incroesed in strength, *iS the * ach 
numoer is increased the extent of la- inar shocks grows moro rapi Uy 
than it did on th ' model with tJic flio at 15, chord, and a turbulent 
shock becomes visible at a Jlaoh nunber of O.G02, 









'.1 ti;'' ‘D .. 1 *vitL ilii. Ic p.t ~ 3lior.j thr> shoe’’: Tr''ve 

j'or ' ar'. ‘-‘lo-v patoc'rnc o.rc oGst' ;.[: ly scj-'.r^ as those on 

th • loca'.e 3 at 3C c'^ orc\ wita the follo«'i 'r 

n c'ii3 c t'..v. 1 1 • '. looat.) . e.'„ c'.;ru tho s'- 

"roii t,r; a lu -^r - ayn /viu'ss !'as a^^ rret. at 

^ D, 'ry V.' ■ at -■ O.Ti-ij W'i-'h di nt ep; e%.r in the case of the 

otcl .v' t . th> n.a at 30 c id;v. 

. cr .pariL:or 01 die etui’s s d i~» 1^-iC incl. } shov/s that t?io 
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fi*rnr3.7 r. ■r'' ^ mj. 'lar s''oo’-' •'A’hicii Is also visible vn th sli;;htlp in.- 
C"0<'.sef^ otrc;A^}' on th.- V?‘ tl. tl "'Ira at 43.'" chore, r’sio S' ock 

is . t ft all visible on the noJel ivi"h Ihe flep at 1C- c! srd, -t 
a had. nur.b of 0. CIC strxi'. turbv.lcnt shocks of aporoxinatel^/ o - -1 
str'/i”!;h aro observer o: bot3. the *^0(1 il with tho fir p at 30/ chord 
aid to t '"it^ tli.e flap ah 4f, * c!nrd ^ b.i aot on the ^*odel with tho 
^lao at ir, clrirrl, klsos -he stiperco ic so ic is ore oxs'insive on 
th- -'o sis ,vith flaps located at the 50 and 4r " cl.ord 'lositlois t;*ai 
it is Cl the "odel vrlth the' flae locfitec • t 1C chord. 

*•0 shock vfuves an obsorvod oi .ho lov/or sur 'aco of tho noeol 
’or *nv test condition. I'his irilcator tht t th<' flow pt ct t!.o lo'.'or 
sur: SCO r’.'nalncd subsonic for tho fir o cither -loppoc’ or sot do/i at 
any t3 o t'nr''o c^’^ord locafo.s teheed. 

It is ernsiderod tlint the pict'TOS nado vfith tho flap suddenly 



oxtonded ropre'sent the floiv conditions after they have bocono staad^rp 
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sinco the interval of time between the popping of the flap 

and the taking of the picture wac of the order of 15 seconds. The 
flow coudifo’'is for tho flap sot dmtn are considered to be stable as 
the speed was built up frojn #oro to a given liach nusnber with tho flap 



fixed in position. 



I 



lo 



1. ith ai accurate oT abtacL i.icaourluj^ cys ten tho lift 

toctc of -cl.c syiaictrioal airfoil rodci v/ith no flap gave a straight 
liao lift curve aj lo.v aa^los of attack. 

2. iho tost results o’. that the aoroJ/nar.ic effects of a 
flap popped# or suddenly oxtoadod# as conparod to a flao that is sot 
i i ■‘ositioo are different l-i tno tra. iconic range. The flap popped 

at tho 15"' chord location gave a roroxinately 8.0^- higher lift than tho 
flao set. t the 30'' chord location t.herc was no distinguishable 
difference, /t the 45' C’.ord location the popped flap gave aporoxi- 
nately 3,0i lcs.o lift than did the set flao. 

3. ind tunnel tost models which employ dive rocovory flaps 

.set in position and -si^.ich arc uced to extend test valuos to full scale 
design nay rive misleading recL.lts, ..henevor model test I'osults aro 
to bo used to produce desi.'ri information to be i.ncorporatcd in full 
scale aircraft, the divo recovery flaps on tho model should be equi- 
valent to those on tlio full scale airplane not only as to dimensional 
proportions bu - also ao to method and timing of operation, if a high 
degree of accuracy it Jeuired. 

4. T).e 07.:enGion of a oivo recovery flap on an airfoil incrcasus 
the circulat' on'- therefore tlie lift and the peal: of the nressurc 
distribution curve, i'ence, the critical ’■■ach nu-focr is lowered. 
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In order to verify and further oxtand tha results obtained in 
this investiration, a ’-lore detailed study should be nado of tho 
effects on the flow conditions recultinf from tho flap being sot and 
popped at one chord location. If this is done, tho following soocific 
recoJ'n.ondations arc made: 

(a) A study of the boundary layer hy means of schlieren pictures 
and a vrake survey should furnish additional information of 
value. 

(b) It is recomnondod that tho height of the multiple tube 
nanometer bo increased to allow for large and rapid pressure 
variations which occur v/hen a device such as a dive recovery 
flap is suddenly extended. This change would permit tho 
use of a liquid with a specific gravity of 2.0 or loss 
throughout the entire range of an investigation, thereby 
providing increased accuracy, 

(c) The msohanical difficulties encountered and suggested in- 
provenents in equipment iirhich are given in Ref, 2 apply 
also to this investigation. 
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Fig. 2 

Lfcdel of NACA Airfoil 65, 1-012 
Equipped with Dive Recovery Flap 
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Flap Location at 45?^ Chord 
a - 3® 




1 













•*. ti,€ 

9 * 



; 



I 



4 





I 



i'aesis 

P16 



Parker 



13^^61 



An investigation of the 
effects of the sudden extension of 
dive-recovery flap on the aero- lap 

I c. _ '^l^ia^ia cn^ ^actft ri £L±i^e__^uc - 

of a symmetrical airfoil in two dimen- 
sional flow 



mIII^ 














